The study was done to assess the level of fecal (Escherichia coli) and protozoan parasite (Cryptosporidium spp. and Giardia spp.) contamination in water used by traders to moisten vegetables at markets in Hanoi, Vietnam. A total of 200 splashing water samples from markets located within eight districts were analyzed for E. coli and Cryptosporidium spp. and Giardia spp.
INTRODUCTION
Cryptosporidium and Giardia (oo)cysts are recognized as common waterborne pathogens found in surface water (lakes, streams, rivers, and reservoirs) and effluent from wastewater treatment plants (Khouja et The market area used for selling vegetables was identified at each market. Traders were chosen randomly by dividing this area into separate sections on the schematic drawing and choosing an equal number of traders in each section.
Ten traders were randomly selected at each market area to provide a water sample. A questionnaire interview was conducted with the market traders to collect information about water splashing activities. Information about hygiene conditions at the market was obtained through observations. During each interview a 2,000 ml water sample was collected in sterile screwed-cap bottles by pouring it from the water bucket at each stall. Water samples were handled using sterile gloves and transported to the laboratory in an insulated icebox and analyses initiated the day of sampling.
Enumeration of E. coli and protozoan parasites E. coli enumeration was done on Brilliance E. coli/coliform Selective Agar (CM1046, Oxoid) following incubation at 37 W C for 24 h. Briefly, 1 ml of water sample was aseptically transferred to a sterile tube containing 9 ml peptone saline broth (1:10). The sample was mixed well and appropriate ten-fold serial dilutions were prepared. Volumes of 100 μl of each dilution were surface spread onto duplicate agar plates.
Agar plates showing growth of dark purple to indigo blue colonies were determined positive for E. coli. The total number of E. coli (cfu/ml) was calculated based on number of colonies enumerated on duplicate plates using standard formula.
Giardia spp. and Cryptopsoridium spp. were enumerated using an immunofluorescent method (Vuong et al. ) .
Each water sample was vigorously shaken and dispensed into twenty 50 ml sterile test tubes which were centrifuged at 1,500 g for 5 min. After the supernatant was aspirated from the first batch of water samples, each test tube was refilled and their contents were re-centrifuged at the same speed and time. The contents of each set of twenty test tubes were pooled together after the supernatant was discarded, and recentrifuged under the same conditions. The supernatant was again discarded, and the remaining sediments were subjected to flotation steps where 10 ml of sample volume was underlaid with 5 ml of flotation fluid (NaCl and glucose added per liter, diluted 1:1 with distilled water to the final density of 1.13).
Larger debris was removed after centrifugation at 100 g for 1 min. The sample was washed three times with distilled water to dilute the flotation liquid out of the suspension.
After the last wash, the supernatant was aspirated leaving 2 ml processed sample suspension in the tube for subsequent detection of (oo)cysts. A volume of 200 μl of sub-sample was placed on a Teflon-coated diagnostic slide and dried at room temperature. The sample was fixed with acetone for 5 min and air dried. Anti-crypto/giardia fluorescent dye was added to the well (Crypto/Giardia CEL; Cellabs Pty Ltd, Australia).
The slide was placed in a humidity chamber and incubated for 1 h at 37 W C. Surplus dye was removed and the slide was washed with 1× PBS. The slide was read at 400× magnification in a Nikon Eclipse E600 fluorescent microscopy equipped with a UV-filter block (500 nm excitation, 630 nm emission).
All oocyts and cysts were counted and estimated for 1 ml of water.
Statistical analyses
Data were analyzed with SPSS software (Statistical Package for Social Sciences) version 11.5 (SPSS Inc., Chicago, Illinois, USA). Concentrations of Cryptosporidium spp. and Giardia spp. (oo)cysts and E. coli in each sample were compared using the Spearman correlation coefficient (p < 0.01; two-tailed). Significant differences in the concentrations of E. coli and protozoan (oo)cysts between districts were compared using the Kruskal-Wallis test. P-values of <0.05 were considered significant.
RESULTS AND DISCUSSION
Among the 200 splashing water samples analyzed, Cryptosporidium, Giardia, and E. coli were found in 4.5%, 8.5%, and 47.5%, respectively, with median concentrations of 10 oocysts, 20 cysts, and 636 cfu ml À1 , repectively (Table 1) .
Since ingestion of a single (oo)cyst is sufficient to establish infection (Dillingham et al. ) , spashing water at Hanoi markets represent important sources of protozoan parasites that may be transmitted to vegetables.
All traders recorded splashing vegetables with tap water obtained either from the market or from their private home (Table 2) 
